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Figure 1. The upper dashed line shows the dynamical stability limit (equa-
tion 30), while the lower dashed line shows the stricter criterion of Nelemans
et al. (2001) (equation 31), accounting for the switch between direct impact
and disc accretion at M 1 ≈ 1 M⊙. The solid line shows the transition be-
tween disc and direct impact accretion. The three dotted lines show how the
strict stability limit of Nelemans et al. (2001) is relaxed when dissipative
torques feed angular momentum from the accretor back to the orbit (equa-
tion 32), once again accounting for both the direct impact and disc accretion
cases. The three lines are labelled by the synchronization time-scale in yr.
The line for τ S = 1000 yr coincides with the lower dashed line for M 1 >

1.2 M⊙ giving the dash–dotted line.

Here, −Ṁ2e is the equilibrium mass-transfer rate and β = 6R2/#e

where #e is the equilibrium value of the overfill factor correspond-
ing to Ṁ2e (see Appendix A for details). β is a dimensionless factor,
typically of the order of 103–104, which measures the sensitivity
of the mass-transfer rate to changes in the overfill factor. This is
where the dependence of the mass-transfer rate upon # matters; the
more sensitive it is, the larger β is. Also, because both the terms
in brackets multiplying β and Ṁ2e are negative, the stronger the
synchronization torque has to be to ensure stability.

The condition of equation (32) is a generalization of the strict
condition for stability of Nelemans et al. (2001) (equation 31) and
is the key result of this paper. Once more, this condition applies for
direct impact accretion, while for disc-fed accretion the r h must be
replaced by r 1 = R1/a. This condition quantifies the expectation
that spin–orbit coupling will stabilize mass transfer, and essentially
says that the synchronization time-scale must be less than the time-
scale upon which the mass-transfer rate can vary significantly. This
is what is expected: the spin of the white dwarf must be able to
respond to variations of the mass-transfer rate to ensure stability.

An example of marginally unstable mass transfer is shown in
Fig. 2 in which we also compare a numerical integration (starting
from a slight perturbation of the equilibrium mass-transfer rate) with
the predictions of the linear stability analysis. The oscillations result
as first the white dwarf is spun up, leading to injection of angular mo-
mentum back into the orbit which reduces the transfer rate causing
the white dwarf to spin down, and so on. When the synchronization
torque is too weak, the white dwarf does not respond fast enough
to alterations of the accretion rate to damp out perturbations, and
their amplitude grows. In this particular case the amplitude satu-
rates, but this is not of great significance because it is only for rather
finely-tuned cases that one does not have either stability or such
a violent instability that merger is inevitable. Moreover, long-term
oscillations will not occur in practice because of the evolution of

Figure 2. The evolution of mass-transfer rate is shown (solid line) for a
marginally unstable case of M 1 = 0.5 M⊙ and M 2 = 0.21 M⊙ and a syn-
chronization time-scale of 30 yr. The model was started close to equilibrium
and evolved with the masses and orbital separation held fixed. The short
vertical lines mark the oscillation period predicted from a linear stability
analysis while the dashed curves represent the predicted amplitude.

the component masses and orbital separation which is not included
in Fig. 2.

To apply the stability criterion, equation (32), we must first calcu-
late Ṁ2e, which also gives #e (through equation 9); this calculation
is detailed in Appendix A. Lines of stability for various synchro-
nization time-scales are plotted in Fig. 1. These show how the action
of dissipative torques expands the region of stable mass transfer in
the case of direct impact. The lower dashed line, marking the onset
of instability in the absence of any synchronizing torque, is raised
to become one of the dotted lines (labelled by the synchronization
time-scale at the start of mass transfer). Clearly, the synchronization
time-scale must be short to have much effect, except for very low
mass systems. The criterion of Nelemans et al. (2001) (equation
31) is the limiting case for τ S → ∞, while the standard dynamical
stability limit (equation 30) is the limit as τ S → 0.

For large accretor masses, direct impact can be avoided for a wide
range of donor masses as the accretor becomes very small. The
switch from r h to r 1 stabilizes the mass transfer, and for a while
stability becomes a case of whether the accretion occurs through
direct impact or not, with the dotted stability lines following the disc
accretion limit (solid line) in Fig. 1. However, at very high accretor
masses (M 1 > 1.2 M⊙), even the switch to r 1 is insufficient, and the
lines of stability drop below the solid line marking the disc/direct
transition. Thus, there are even regimes of disc accretion which are
destabilized by the loss of angular momentum from the inner disc.

Fig. 3 shows the equilibrium angular velocity of the accretor rel-
ative to the Keplerian angular velocity at its surface in the case of
systems just at the stability limit, the fastest case. This figure shows
that, for synchronization time-scales of interest for evolution, the
accretor does not approach breakup. This figure may appear coun-
terintuitive in that weaker synchronization causes slower rotation in
some cases. This results from the higher donor masses made possi-
ble by stronger synchronization which lead to much smaller orbits
and orbital periods. For much of Fig. 3 the accretor is almost syn-
chronous with the orbit as can be seen from the small values of the
differential spin rate, ω = %s − %o (dashed lines). Really we are
just seeing that the accretor can be close to filling its Roche lobe
when it is of low mass, and therefore by definition it rotates at a rate
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# Name Alternative name RA/Dec Period (min) Magnitude References Comments
HM Cnc RX J0806.3+1527 08:06:22.84  +15:27:31.5 5.4 21.1 Roelofs et al. (2010)
V407 Vul RX J1914.4+2456 19:14:26.09  +24:56:44.6 9.5 >19.7 Steeghs et al. (2006)
ES Cet KUV 01584-0939 02:00:52.17  -09:24:31.7 10.3 17.1 Espaillat et al. (2005)
AM CVn HZ 29 12:34:54.60  +37:37:44.1 17.1 14.02 Roelofs et al. (2006)
SDSSJ1908+3940 KIC004547333 19:08:17.07  +39:40:36.4 18.2 16.1g Kupfer et al.  (2015)
HP Lib EC 15330-1403 15:35:53.08  -14:13:12.2 18.4 13.59 (falls in K2 15) Roelofs et al. (2007)
PTF1J1919+4815 PTFS1119aq 19:19:05.19  +48:15:06.2 22.5 20.16g Levitan et al (2014) Eclipsing (hot spot)
CR Boo PG 1346+082 13:48:55.22  +07:57:35.8 24.5 14.5 Patterson et al. (1997), Kato et al. (200)
KL Dra SN1998di 19:24:38.28  +59:41:46.7 25.0 16.8-20 Wood et al. (2002)
V803 Cen AE1 13:23:44.54  -41:44:29.5 26.6 14.0
PTF1J0719+4858 PTF09hpk 07:19:12.13  +48:58:34.0 26.8 15.8-19.4g Levitan et al. (2011)
SDSSJ0926+3624 09:26:38.71  +36:24:02.4 28.3 19.0g Anderson et al. (2005), Copperwheat et al. Eclipsing
CP Eri 03:10:32.76  -09:45:05.3 28.7 16.5-19.7 Groot et al. (2001)
PTF1J0943+1029 PTFS1109h 09:43:29.59  +10:29:57.6 30.4 20.69g Levitan et al. (2013)
CSS010550+190317 01:05:50.10 +19:03:17.2 31.6 19.6g Motsoaledi et al. (2016)
V406 Hya SN2003aw 09:05:54.79  -05:36:08.6 33.8 15-20.5 Roelofs et al. (2006)
PTF1J0435+0029 PTF11avm 04:35:17.73  +00:29:40.7 34.3 21.12g Levitan et al. (2013)
SDSSJ1730+5545 17:30:47.59  +55:45:18.5 35.2 20.14g Carter et al. (2013, 2014)
SDSSJ1240-0159 12:40:58.03  -01:59:19.2 37.4 18.0-19.7 (falls in K2 17) Roelofs et al. (2005)
SDSSJ0129+3842 01:29:40.06  +38:42:10.5 37.6 19.8 Anderson et al. (2005), Kupfer et al. (2013)
SDSSJ1721+2733 17:21:02.48  +27:33:01.2 38.1 20.1 Rau et al. (2010)
SDSSJ1525+3600 ASASSN-15of 15:25:09.58  +36:00:54.6 44.3 19.8g Rau et al. (2010), Kupfer et al. (2013)
SDSSJ0804+1616 08:04:49.49  +16:16:24.8 44.5 18.2g Roelofs et al. (2009)
SDSSJ1411+4812 14:11:18.31  +48:12:57.6 46.0 19.4g Anderson et al. (2005)
GP Com G 61-29 13:05:42.43  +18:01:04.0 46.5 15.94 Nather et al. (1981), Marsh et al. (1999)
CSS121123:045020-093113 04:50:19.82  -09:31:12.8 47.3 20.5 Woudt et al. (2013
SDSSJ0902+3819 09:02:21.36  +38:19:41.9 48.3 20.2g Rau et al. (2010)
Gaia14aae 16:11:33.97  +63:08:31.8 49.7 18.0g Campbell et al. (2015) Eclipsing
SDSSJ1208+3550 12:08:41.96  +35:50:25.2 52.6 18.8g Anderson et al. (2008), Kupfer et al. (2013)
SDSSJ1642+1934 16:42:28.08  +19:34:10.1 54.2 20.3 Rau et al. (2010), Kupfer et al. (2013)
SDSSJ1552+3201 15:52:52.48  +32:01:50.9 56.3 20.2g Roelofs et al. (2007)
V396 Hya CE 315 13:12:46.93  -23:21:31.3 65.1 17.6 Ruiz et al. (2001)
ASASSN-14cc 21:39:48.24  -59:59�:32.��4 22.5 (sh?) 19.0-20.0 Kato et al. (2015)
ASASSN-15kf 15:38:38.24  -30:35:49.7 27.67 (sh) 19.4 vsnet-alert 18669
2QZ J1427-01 SDSSJ1427-0123 14:27:01.70  -01:23:10.0 36.6 (sh) 15-20.3 Woudt et al. (2005)
ASASSN-14mv 07:13:27.28  +20:55:53.4 40.8 (sh) 17.3 (falls in K2 18) Motsoaledi et al. (2016)
ASASSN-14ei 02:55:33.39  -47:50:42.0 43 (sh) ~18 Prieto et al. (2014)
SDSSJ1137+4054 11:37:32.32  +40:54:58.3 59.6 ? 19.00g Carter et al. (2014)
CRTSJ0744+3254 07:44:19.70  +32:54:48.0 20.60g Breedt et al. (2014)
CRTSJ0844-0128 08:44:13.60  -01:28:07.0 20.00g Breedt et al. (2014)
PTF1J0857+0729 PTF11aab 08:57:24.27  +07:29:46.7 21.83g Levitan et al. (2013)
SDSSJ1043+5632 PTFS1210s 10:43:25.08  +56:32:58.1 20.28g Carter et al. (2013)
SDSSJ1319+5915 13:19:54.47  +59:15:14.84 19.1g Kepler et al. (2015)
SDSSJ1505+0659 15:05:51.58  +06:59:48.7 19.11g Carter et al. (2014)
PTF1J1523+1845 PTF10noc 15:23:10.71  +18:45:58.2 23.27g Levitan et al. (2013)
PTF1J1632+3511 PTF11dkq 16:32:39.39  +35:11:07.3 22.99g Levitan et al. (2013)
SDSSJ2047+0008 20:47:39.40  +00:08:40.3 17.5-24g Anderson et al. (2008)
PTF1J2219+3135 PTFS1122aw 22:19:10.09  +31:35:23.1 20.38g Levitan et al. (2013)
ASASSN-14fv 23:29:55.13  +44:56:14.4 20.5 Wagner et al. (2014) ATel #6669

always in high state
outburst detected
no outburst detected

Roelofs et al. (2007), Patterson et al. (2000)
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